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1 = lntrod uction 
It is now accepted that a major part o f  the lipid in 
biological membranes exists in a brayer  form with 
the hydrocarbon ta//s o f  the phosphoIipid molecuIes 
directed in towards the centre o f  the membrane and 
only the polar head-~oups o f  the molecules exposed 
to the aqueous phase [1 ] .  That it was possible to 
obtain a high resolution proton NMR spectrum f rom 
sonicated ispersions ofphosphol ip id bflayers was first 
demonstrated [2] .  However, because of  1/newidth 
limitations in these 2 X 10 6 tool. wt vesicles, it has 
not until now been possible to resolve the spin--spin 
splittings used in the conformational  nalysis o f  small 
organic molecules. Here we report the observation o f  
spin--spin splittings in sonicated bilayer dispersions o f  
dip~n~.itoy1 phosphatidyiglycerol (DPPG) and their 
use in determining the headgroup conformat ion o f  
the phospholipid molecules. Phosphatidylglycerol is 
a negatively charged phospholipid found at high 
abundance in the plasma membranes o f  micro- 
organisms and the chlorop!ast membranes o f  plants, 
and to a smaller extent in higjher organisms. The con- 
formation o f  the phospholipid headgroup can be 
expected to affect such functionally important factors 
as membrane fluidity, surface binding and specific 
lipid binding to integral proteins. 
2. Materials and methods 
DPPG was prepared as the sodium salt by trans- 
phosphatidylaf ion o f L-dipalwdfoyl phosphatidyl- 
choline (Fluka, Bucks) by phospholipase D 
(Boehringer, Mannheim) in the presence o f  excess 
glycerol [3,6]. The product was purified by  silica- 
gel chromatography and co-chromatographed with 
egg phosphatidylglycerol (Lipid Products, Surrey) 
as a sin~e spot on thin-layer chromatograms (solvent 
system: CHC13 :CH3OH:NH4OH(25%~ v/v) 65:15:1).  
Specific optical rotat ion was [~]~ + 6.3 °, as would 
be expected for a racemic mixture o f  D- and L-isomers 
in the glycerol headgroup [3] .  
Lipid dispersions (50 _.-riM) were prepared by  soni- 
cation in 0. I  M KCI/D20,  pD 9.0 at a temperature 
above the ordered--f luid bfiayer phase transition 
(41 °C). Thin layer chromatography revealed no evidence 
for lipid degradaOon after sonication or during collec- 
t ion of  the NMR spectra. 270 MHz tH  Nq~R spectra 
were recorded on a Bruker WPI-270 spectrometer 
operating in the fourier transform mode.  Convolution 
difference spectra were obtained as described [4] .  
Chemical shifts in D20 were referred to internal 
sodium-3 <trimethylsilyl)~d4-propiorzate and in 
CDCI  3 :CD3OD (2:1) to internal tetramethyl  sflane. 
Spectra were simulated u_~ing the Bruker ITERCAL 
programme which is based on the LAOCN3 algorithm. 
Convolution difference spectra were simulated by 
subtracting the same simulated spectra with different 
line broadenings. 
3. Results and discussion 
The phosphol ipid headgroup re#on o f  the 270 
MHz proton NMR spectra of  DPPG is given in rigA. 
Assignments were made on the basis o f  relative 
intensities, chemical shifts, multiplicities, 31p_ and 
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Fig. 1. Polar headgxoup region of the 3~ P-decoupled 270 MHz 
proton NMR spectrum of DPPG: (a) sonicated ispersions in
0.1 M KC1/DaO, pD 9.0 at 54°C; (b) solution in CDCI~ -
CD3OD (2:1) at 20°C; (c) simulation of (b) using the iterated 
parameters given in the -text. The unlabelled resonance at 4.0 
ppm in (a) and (b) arises from the -CH2OP group of the 
glycerol backbone. 
homonuclear-spin decouplingl The spectra in CDCla-- 
CDaOD are reasonably well resolved and can be 
analysed to yield the vich~ai H--H coupl ing constants 
required for conformational  nalysis. I terat ion on the 
CHeOD line posit ions of  the CHzOD--CHOD mult ip!et 
yield the fol lowing values: 
lAB = 11.6 Hz,  JA× = S.9 H~,.IBX = 4 .3  Hz and 
5AB = 0.03 ppm. (rms = 0.07 Hz). 
The --CHzOP protons are accidental ly equivalent 
with a doublet  splitt ing o f  1/2 (3AX +arBx ) = 4.8 Hz. 
The l inewidths in the aqueous bi layer spectra re 
censideraNy broader,  but the mulf iplet structure f  
the --CH2OD resonance can be part ial ly resolved, and 
identif ied as the AB part o f  the expected ABX partial 
spectrum. Resolut ion can be enhanced considerab!y 
using convolut ion difference (c.d.) spectroscopy [4] 
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Fig.2. Convolution difference spectrum: (a) aqueous DPPG 
(c.f. fig. in); (b) simulation of -CH:~OD multiplet using the 
iterated parameters given in the text. Intensities camaot be 
compared hn the s/mtdated c.d. spectrum. 
as shown in fig.2, from which it is possible to measare 
all the line posit ions of  the -CH20D mult iplet  and 
analyse them to yield the required vicinal H--H 
couplings. The values obtained by iterating on the 
-CH20D line positions are: 
JAB = 11.7 Hz, JAX = 5 2 ttz,  JBX = 2.4 Hz, 
5AB = 0.06 ppm (rms = 0.33 Hz). 
There is considerable r dundancy in analysing the 
--CH2OD resonances, thus the good fit obtained 
provides an internal check on the rel iabi l i ty o:f the 
measured line positions. An addit ional check was 
made by using the same parameters to simulalce the 
AB spectrum obtained when the -CHOD proton was 
decoupled. 
The observed vieinal coupling consta:~ts may be 
used to obtain information about the conformation 
of  the DPPG headgroups. The expressio,ls for the 
motionaUy-averaged vicinal coupling constants in 
terms of  the fractional populat ions o f  the three 
staggered conformations about the C--C bonds in the 
Nycerol  fragment (see fig.3) are given by [5] : 
arAx (Hz) = 5.g Pl  + t i °5 P[I + 0.6 P~al ( i )  
jBx  (Hz)=l l .7p~ + 2 .7p  R +2.7P l i  1 (2) 
vchere PI + PlI + Piti = 1, and the numer ica l  constants 
in the equat ions  represent  the coupt ing constants  o f  
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Fig.3. Minimum-energy conformations for rotation ab-'3_-ztt the 
terminal C--C bond in ti~e ~ycerol headgroup of DPPG. 
the intermolecu lar  restr ict ions hnposed  on  forming 
the bf layer membrane .  Part icular ly notab le  is the high 
propor t ion  (70- -100%) o f  the conformat ions  in which 
the hydroxy l  groups are gauche to each other .  
Examinat ion  o f  molecular  models indicates that  these 
conformat ions  could be favourable for fo rming inter-  
m~l~+,,io- h,,+rd,-,-,+,+,+.~ h ++.+- -- -+--+:- bfla~ ers surface. 
It is hoped that  these methods  may be appl ied to 
detect  funct iona l  conformadona l  changes in the 
l ipid headgroups,  e.g., on l igand b ind ing.  
the individuvd rotamers.  Since we cannot  dist inguish 
between H A and H B there are two possible sets o f  
solut ions corresponding to the interchange of  JAx  
and JBx- For  DPPG bflayers we obta in :  
Pl = 0+0 (0.28) ,  PH = 0.42 (0.03)  mid P I I /=  0.58 
(0.69),  and for DPPG in CDC13-CD3OL~: 
Pl = 0.18 (0.36),p H = 0.40 (0.17) and ph i  = 0.42 
(o.47). 
Thus there are conformat iona l  interconvers ions in the 
polar headgroups o f  DPPG membranes .  Conforma-  
t ional  differences are detected between DzO disper- 
sion and CDCI3-CD3OD so lut ion,  corresponding to
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